Introduction
The incomplete knowledge of the mechanisms involved in the regulation of emotional states represents the main limiting factor of the efficacy of anxiolytic and antidepressant drugs in the treatment of anxiety and mood disorders. The discovery of new neurochemical elements involved in the regulation of emotional states may help to identify new therapeutic targets and contribute to a better understanding of the differences in the response of anxiolytics in certain clinical situations.
Controversial information is available about the pattern of expression of the cannabinoid CB2 receptors (receptor nomenclature follows Alexander et al., 2011) . Initially, CB2 receptors were identified in the rat spleen and leucocyte subpopulation in humans (Munro et al., 1993; Galiègue et al., 1995) . In addition, CB2 receptors were also found in the brain only under pathological conditions such as senile plaques in Alzheimer's disease (Benito et al., 2003) , activated microglial cells/macrophages in multiple sclerosis (Yiangou et al., 2006) , the spinal cord in amyotrophic lateral sclerosis (Yiangou et al., 2006) and in the vicinity of tumours (Sánchez et al., 2001) . However, no expression of CB2 receptors was found in the brain under normal conditions (Hohmann and Herkenham, 1999a,b; Griffin et al., 1999; McCoy et al., 1999; Price et al., 2003; Derbenev et al., 2004) . In contrast, recent reports have identified the expression of CB2 receptors in the CNS under normal conditions (see Atwood and Mackie, 2010) : (i) presence of gene and protein expression of CB2 receptors in the microglia (Carlisle et al., 2002; Klegeris et al., 2003; Walter et al., 2003; Beltramo et al., 2006; Maresz et al., 2007) and in cultured granule cells, granule and Purkinje cell layers of mouse, rat and ferret cerebellum (Van Sickle et al., 2005; Ashton et al., 2006; Gong et al., 2006; Onaivi et al., 2008b) ; (ii) distribution of gene and protein expression of CB2 receptors in different nuclei of the brainstem of mouse, rat and ferret (Van Sickle et al., 2005; Gong et al., 2006) ; (iii) identification of CB2 receptor immunoreactivity in several areas of the hippocampal formation, thalamic nuclei, cortex, midbrain and olfactory bulb in rat Onaivi, 2006; Onaivi et al., 2006 Onaivi et al., , 2008a Brusco et al., 2008a,b; ) ; and, finally, (iv) CB2 receptor gene expression in the striatum and hypothalamus of rats Onaivi, 2006; Onaivi et al., 2008a,b) . Additionally, a recent publication (García-Gutiérrez et al., 2010) identified the distribution of CB2 receptor gene expression under normal conditions in several brain regions of mice, such as caudate-putamen nucleus, nucleus accumbens, cingulate cortex, amygdala, hippocampus, ventromedial nucleus and arcuate nucleus of hypothalamus, substantia nigra, dorsal and medial raphe. The wide distribution of CB2 receptors in the CNS of the rodents has increased the number of studies about the potential implication of CB2 receptors in a wide variety of physiological and pathological processes.
Recent findings supporting the role of CB2 receptors in the regulation of anxiety and mood disorders include studies that show CB2 receptor knockout mice (CB2-/-) present an increased vulnerability to stressful stimuli in the light-dark box (LBD), elevated plus maze (EPM) and tail suspension tests (TST) (Ortega-Álvaro et al., 2011) . In addition, transgenic mice overexpressing the CB2 receptor in the CNS (CB2xP) exhibited a clear endophenotype resistant to acute (novelty-suppressed feeding and TST) and chronic [chronic mild stress (CMS)] depressive-like stimuli (García-Gutiérrez et al., 2010) . Furthermore, CB2xP mice presented an endophenotype resistant to acute anxiogenic stimuli in the LDB and EPM . Indeed, the anxiolytic drug alprazolam was without effects in CB2xP mice at either of the doses used (45 and 70 mg·kg -1
). These behavioural alterations were accompanied by molecular changes in different key targets involved in the response to stress, anxiety and depression, such as GABAA receptors, brain-derived neurotrophic factor (BDNF), corticotrophinreleasing factor (CRF) and proopiomelanocortin (POMC). CB2xP mice presented significantly higher expression of the neurotrophic factor BDNF in the hippocampus. Moreover, chronic stress failed to produce any modification in BDNF gene and protein expression in the hippocampus of CB2xP mice (García-Gutiérrez et al., 2010) . Similarly, restraint stress did not alter CRF gene expression in the paraventricular nucleus and produced a slight increase of POMC gene expression in the arcuate nucleus of CB2xP mice compared with Swiss ICR mice . Furthermore, the gene expressions of the main anxiolytic subunits of GABAA receptors (a2 and g2 subunits) were significantly increased in the amygdala and hippocampus of CB2xP mice .
The results obtained by pharmacological manipulation of CB2 receptors suggest the role of this receptor in the regulation of emotional behaviour. Acute or chronic treatment with the cannabinoid CB2 receptor antagonist, 6-iodo-2-methyl-1-[2-(4-morpholinyl)ethyl]-1H-indol-3-yl] (4-methoxyphenyl) methanone (AM630), resulted in antidepressant-like effects in both the forced swimming test and CMS test (García-Gutiérrez et al., 2010) . Interestingly, chronic treatment with AM630 for 4 weeks blocked the reduction of CB2 receptor gene expression and BDNF gene and protein expression in Swiss ICR mice exposed to CMS (García-Gutiérrez et al., 2010) . Conversely, anxiolytic effects were detected after intracerebroventricular administration of antisense oligonucleotide sequence directed against the CB2 receptor gene in mice .
In the present study, the effects of pharmacological manipulation of CB2 receptors were studied by using the cannabinoid CB2 receptor agonist, (6aR,10aR)-3-(1,1-dimethylbutyl)-6a,7,10,10a-tetrahydro-6,6,9-trimethyl-6H-dibenzo [b,d] pyran (JWH133) and the CB2 receptor antagonist AM630 in Swiss ICR mice. Dose-response effects of acute and chronic administration of JWH133 (0.5, 1 or 2 mg·kg -1 , i.p.) and AM630 (1, 2 or 3 mg·kg -1 , i.p.) were evaluated in the LDB and EPM tests. CB2 receptor, GABAAa2 and GABAAg2 gene and protein expressions were studied by real time PCR (RT-PCR) and Western blot in the cortex and amygdala of chronically treated Swiss ICR mice. Furthermore, the anxiolytic effects of chronic AM630 treatment were evaluated in the spontaneously anxious DBA/2 strain of mice.
The results of this study revealed that chronic administration with AM630 produced anxiolytic effects associated with increased and reduced CB2 receptor, GABAAa2 and GABAAg2 gene and protein expressions, respectively, in the cortex and amygdala. In contrast, chronic administration with JWH133 increased anxiety, reduced gene and increased protein expression of CB2 receptors, GABAAa2 and GABAAg2 in the cortex and amygdala. Interestingly, the same chronic pattern of administration with AM630 reduced the anxiety of the spontaneously anxious DBA/2 strain of mice. Taken together, these results strongly point to the CB2 receptor as a potential target in the treatment of anxiety-related disorders. (Harlan, Barcelona, Spain) . At the beginning of the experiments, mice were between 2 and 3 months old and weighed 25-35 g. All animals were maintained under controlled temperature (23 Ϯ 2°C) and light (light-dark cycle from 0800 to 2000 h), with free access to food (commercial diet for rodents A04 Panlab, Barcelona, Spain) and water. All the experiments were carried out between 0900 and 1300 h. The same conditions were maintained for all the behavioural tests.
Methods

Animals
Treatments
AM630 is a cannabinoid CB2 receptor antagonist (Ki = 31.2 nM) that displays 165-fold selectivity over CB1 receptors (Pertwee et al., 1995; Hosohata et al., 1997) . JWH133 is a potent cannabinoid CB2 receptor agonist that displays approximately 200-fold selectivity over CB1 receptors (Huffman et al., 1999; Pertwee, 1999 ; 0.3 mL; i.p.) were administered twice a day (0900 h and 1800 h) for 7 days. On day 8, behavioural assessment was performed 15 h after the last administration of the corresponding drug or vehicle.
Behavioural assessment
LDB. The LDB test uses the natural aversion of rodents to bright areas compared with darker ones (Crawley and Goodwin, 1980) . In a two-compartment box, rodents will prefer dark areas, whereas anxiolytic drugs should increase the time spent in the light compartment. The apparatus consisted of two methacrylate boxes (20 ¥ 20 ¥ 15 cm), one transparent, and one black and opaque, separated by an opaque tunnel (4 cm). Light from a 60 W desk lamp placed 25 cm above the light box provided room illumination. Mice were individually tested in 5 min sessions. During this period, the time spent in the light box and the number of transitions between the two compartments was recorded. A mouse whose four paws were in the new box was considered as having changed boxes. The floor of each box was cleaned between sessions with paper towels moistened with water and fully dried. At the beginning of the session, mice were placed in the tunnel facing the dark box.
EPM. The EPM consisted of two open arms and two enclosed horizontal perpendicular arms 50 cm above the floor (Lister, 1987) . The junction of four arms formed a central squared platform (5 ¥ 5 cm). The test began with the animal being placed in the centre of the apparatus facing one of the enclosed arms and allowed to explore freely for 5 min. During this period, the time spent in the open arms (as percentages of total test time) and the number of entries from open-arms to closed-arms (and vice versa) was recorded. Arm entry was considered as entry of four paws into the arm. The floor of each box was cleaned between sessions with paper towels moistened with water and fully dried.
Analysis of gene expression of CB 2 receptors, GABA A a 2 and GABA A g 2 receptor subunits by RT-PCR The gene expression of CB2 receptors and the main anxiolytic subunits of GABAA receptor, GABAAa2 and GABAAg2, were examined by RT-PCR in the cortex and amygdala of Swiss ICR mice, chronically treated with AM630 and JWH133. Briefly, 18 h after the last administration of AM630, JWH133 or its corresponding vehicle, mice were killed, and the brains were removed from the skull and frozen over dry ice. Brain sections (500 mm) were cut at different levels containing the cingulated cortex (figure 20 and 1.34 mm from the bregma) and amygdala (basolateral and central amygdaloid nuclei; figure 40, -1.6 mm from the bregma) according to Paxinos and Franklin (2001) , mounted onto slides and stored at -80°C. Sections were dissected following the method described by Palkovits (1983) . Total RNA was obtained from brain punches using Biozol ® Total RNA extraction reagent (Bioflux, Inilab, Madrid, Spain). After DNAse digestion, the reverse transcription was carried out following the instructions of the manufacturer (Epicentre, Tech. Corp., Madison, WI, USA). CB2 receptor, GABAAa2 and GABAAg2 gene expression was measured by using Taqman ® Gene Expression assays (Mm 00438286_m1, Mm00433435_m1 and Mm00433489_m1 respectively; Applied Biosystems, Madrid, Spain) as a double-stranded DNA-specific fluorescent dye and performed on the AbbiPrism 7700 Real Time Cycler (Applied Biosystems). The reference gene used was 18S rRNA, detected using Taqman ribosomal RNA control reagents. All primer-probe combinations were optimized and validated for relative quantification of gene expression. Briefly, data for each target gene were normalized to the endogenous reference gene, and the fold change in target gene abundance was determined using the 2-DDCt method (Livak and Schmittgen, 2001 ).
Analysis of expression of CB 2 receptors, GABA A a 2 and GABA A g 2 receptor subunits protein by Western blot
After determination and adjusting protein levels, homogenates of cortex and amygdala tissues were centrifuged (12 000¥ g, 20 min at 4°C) and mixed with Laemmli sample buffer (Bio-Rad, Hercules, CA, USA; SDS 10%, distilled H2O, glycerol 50%, Tris HCl 1 M pH 6,8, dithiotreitol and blue bromophenol) containing b-mercapthoethanol (50 mL per mL of Laemmli). Once separated by molecular weight, proteins from the electrophoresis gels were blotted onto a nitrocellulose membrane (Amersham Ibérica, Madrid, Spain) by semidry transfer system (Bio-Rad) and incubated with a specific primary antibodies against CB2 receptors (Cayman Chemical, Michigan, USA; 1:1000 dilution), GABAAa2 (Abcam, Cambridge, UK; 1:1000 dilution) and GABAAg2 antibody (Abcam; 1:1000 dilution). Proteins recognized by the respective horseradish peroxidase-linked secondary antibodies were revealed by ECL™-kit following the manufacturer's instructions (Amersham) and visualised on X-ray film (Amersham). Autoradiographs were quantified by densitometry (program Image J, National Institutes of Health, Bethesda, MD, USA), and several time exposures were analysed to ensure the linearity of the band intensities. All densitometries are expressed in arbitrary units (AU). In all the Western blot analyses, the housekeeping gene b-actin (Sigma, Madrid, Spain) was used as loading control.
Statistical analyses
Statistical analyses were performed using the Student's t-test when comparing two groups, one-way ANOVA followed by the Student-Newman-Keul's test when comparing four groups and two-way ANOVA followed by Student-Newman-Keul's test when comparing four groups and two variables. Differences were considered significant if the probability of error was less than 5%.
Results
Acute treatment with the cannabinoid CB 2 receptor-antagonist AM630 and agonist JWH133
Acute treatment with AM630 at the dose of 1 mg·kg -1 failed to produce any modification ( Figure 1A ). However, the administration of AM630 at the doses of 2 and 3 mg·kg -1 significantly reduced the time spent in the light box compared with vehicle group (one-way ANOVA followed by StudentNewman-Keul's: F(3,29) = 3.530, P = 0.029) (n = 8-7) ( Figure 1A ). In addition, no difference was observed in the total number of transitions between groups (one-way ANOVA: F(3,27) = 0.423, P = 0.738) (n = 8-7) ( Figure 1B) .
Interestingly, acute treatment of JWH133 failed to produce any modification in the time spent in the light box (one way ANOVA: F(3,23) = 0.202, P = 0.894) (n = 5-7) ( Figure 1C ) and in the total number of transitions at either of the doses used (one-way ANOVA: F(3,24) = 0.653, P = 0.590) (n = 5-7) ( Figure 1D ). ) or its corresponding saline vehicle were administered (0.3 mL). Anxiety-like behaviour was analysed 30 min after the last administration in the LDB test during 5 min. Columns represent the means and vertical lines (SEM of the different parameters. Panel A: *P < 0.05, significantly different from corresponding control group. Panel E: *P < 0.05, significantly different from corresponding control group. # P < 0.05, JWH133 + AM630 significantly different from vehicle + AM630 group.
To investigate if the anxiogenic effect induced by the blockade of CB2 receptors was receptor specific, mice were pre-treated with the agonist JWH133 (2 mg·kg -1 ) 30 min before the administration of AM630 (3 mg·kg -1 ). As expected, the administration of AM630 increased anxiety since the time spent in the light box was reduced compared with its corresponding control group ( Figure 1E ). Interestingly, pre-treatment with JWH133 blocked the anxiogenic effect of AM630 ( Figure 1E ). In contrast, the administration of JWH133 alone was without effects (two-way ANOVA followed by Student-Newman-Keul's: JWH133 F(1,28) = 0.134, P = 0.717; AM630 F(1,28) = 4.277, P = 0.049; JWH133 ¥ AM630 F(1,28) = 3.163, P = 0.088) (n = 6-8) ( Figure 1E ). In addition, no difference was observed in the number of transitions between groups (two-way ANOVA: JWH133 F(1,21) = 0.046, P = 0.833; AM630 F(1,21) = 0.617, P = 0.442; JWH133 ¥ AM630 F(1,21) = 0.413, P = 0.528) (n = 6-8) ( Figure 1F ).
Chronic treatment with the cannabinoid CB 2 receptor antagonist AM630 or agonist JWH133
Assessment of anxiolytic effects in the LDB and EPM tests. Mice treated with AM630 (1, 2 or 3 mg·kg -1 , i.p., twice a day) or JWH133 (0.5, 1 or 2 mg·kg -1 , i.p., twice a day) for a total of 7 days were exposed to the LDB test, 15 h after the last administration of drug or corresponding vehicle. Chronic AM630 treatment produced a significant anxiolytic effect, increasing the time spent in the light box at all of the doses used (one-way ANOVA followed by Student-Newman-Keul's: F(3, 30) = 7.124, P = 0.001) (n = 6-9) (Figure 2A ). In contrast, treatment with JWH133 significantly reduced the time spent in the light box at all doses used. In addition, JWH133 at 2 mg·kg -1 reduced the time spent in the light box compared with JWH133 (0.5 mg·kg -1 ) group (one-way ANOVA followed by Student-Newman-Keul's: F(3,26) = 9.325, P(0.001) (n = 7-9) ( Figure 2C ). However, the total number of transitions was not affected by any of the doses of AM630 (oneway ANOVA: F(3,34) = 1.530, P = 0.026) (n = 6-9) ( Figure 2B ) or JWH133 used (one-way ANOVA: F(3,28) = 0.245, P = 0.864) (n = 7-9) ( Figure 2D ).
In the EPM, the percentage of time spent in the open arms significantly increased in mice treated with AM630 at all of the doses used (one-way ANOVA followed by StudentNewman-Keul's: F(3,52) = 3.339, P = 0.027) (n = 11-16) ( Figure 2E ), without affecting the number of transitions between compartments (one-way ANOVA: F(3,49) = 1.238, P = 0.307) (n = 11-16) ( Figure 2F ). In contrast, the administration of JWH133 significantly reduced the time spent in the open arms at all the doses used (one-way ANOVA followed by Student-Newman-Keul's: F(3,62) = 38.437, P(0.001) (n = 15-16) ( Figure 2G ), again without affecting the number of transitions between compartments (one-way ANOVA: F(3,60) = 0.363, P = 0.780) (n = 15-16) ( Figure 2H ). , twice a day) treatments. Moreover, considering the relevance of the GABAergic system in the control of emotional states, the gene and protein expression of the main anxiolytic GABAA subunits, a2 and g2, were also analysed in the cortex and amygdala. The cortex is a brain region that is thought to be crucially involved in the regulation of mood, aggression and/or impulsivity and decision making (Bechara and Van Der Linden, 2005; Mann, 2003) . Similarly, the amygdala is a key element closely involved in the modulation of emotional, cognitive, autonomic and endocrine responses to stress in animals and humans (Swanson and Petrovich, 1998; LeDoux, 2000; Richter-Levin and Akirav, 2000; Kjelstrup et al., 2002; McGaugh et al., 2002; Carrasco and Van de Kar, 2003) .
CB2 receptor gene expression. In the cortex, chronic AM630 administration increased CB2 receptor gene expression at all the doses used (one-way ANOVA followed by StudentNewman-Keul's: F(3,31) = 4.266, P = 0.013) (n = 7-9) ( Figure 3A) . Similarly, in the amygdala, CB2 receptor gene expression was increased by chronic treatment with AM630 (2 and 3 mg·kg -1 ), compared with vehicle and AM630
(1 mg·kg -1 ) groups. No effects were observed after treatment with 1 mg·kg -1 AM630(one-way ANOVA followed by StudentNewman-Keul's: F(3,21) = 10.071, P = 0.001) (n = 5-6) ( Figure 3C ).
Interestingly, chronic JWH133 administration produced the opposite effects in CB2 receptor gene expression compared with those obtained with AM630. Mice treated with JWH133 (0.5, 1 or 2 mg·kg -1 ) had lower CB2 receptor gene expression in the amygdala, compared with its corresponding control group (one-way ANOVA followed by StudentNewman-Keul's: F(3,26) = 177.15, P = 0.001) (n = 5-8) ( Figure 3D ). In the cortex, however, chronic JWH133 treatment (0.5, 1 or 2 mg·kg -1 ) did not modify CB2 receptor gene expression (one-way ANOVA: F(3,27) = 0.270, P = 0.847) (n = 6-9) ( Figure 3B ).
CB2 receptor protein expression. CB2 receptor protein expression was significantly reduced in the cortex of mice chronically treated with AM630 (1, 2 or 3 mg·kg -1 ) (one-way ANOVA followed by Student-Newman-Keul's: F(3,22) = 5.015, P = 0.010) (n = 6-7) ( Figure 4A ). However, no modification was observed in the amygdala (one-way ANOVA: F(3,26) = 0.612, P = 0.614) (n = 6-8) ( Figure 4C ). Interestingly, chronic treatment with JWH133 (2 mg·kg -1 ) increased CB2 receptor protein expression in the cortex but no changes were observed at 0.5 or 1 mg·kg -1 JWH133 (one-way ANOVA followed by Student-Newman-Keul's: F(3,24) = 3.165, P = 0.046)
Figure 3
Assessment of CB2 receptor gene expression in the cortex (CTX) and amygdala (AMY) of chronic AM630-or JWH133-treated mice. Relative CB2 receptor (CB2r) gene expression was examined in the cortex and amygdala of Swiss ICR mice treated with AM630 (1, 2 or 3 mg·kg -1 , i.p., twice a day) (A, C) or JWH133 (B, D) (0.5, 1 or 2 mg·kg -1 , i.p., twice a day) for 7 days. Columns represent the means, and vertical lines represent the (SEM of relative CB2 receptor gene expression. *P < 0.05, significantly different from corresponding vehicle-treated mice.
# P < 0.05, AM630 (2 mg·kg -1 ) and AM630 (3 mg·kg (n = 6-8) ( Figure 4B ). However, no modification was observed in the amygdala after chronic treatment with JWH133 (oneway ANOVA: F(3,25) = 0.197, P = 3.165) (n = 5-8) ( Figure 4D ).
GABAAa2 gene expression.
In the cortex of mice chronically treated with AM630, GABAAa2 gene expression was increased at the highest dose (3 mg·kg -1 ) but not at the lower doses (1 or 2 mg·kg -1 ) (one-way ANOVA followed by StudentNewman-Keul's: F(3,25) = 3.548, P = 0.031) (n = 7-8) ( Figure 5A ). GABAAa2 gene expression in the amygdala of mice chronically treated with AM630 was increased at all doses used (1, 2 or 3 mg·kg -1 ). Moreover, mice treated with AM630 at highest dose (3 mg·kg -1 ) presented increased GABAAa2 gene expression compared levels in mice treated with 1 mg·kg -1 AM630 (one-way ANOVA followed by StudentNewman-Keul's: F(3,28) = 7.460, P = 0.001) (n = 6-9) ( Figure 5C ). In contrast, chronic JWH133 treatment (2 or 3 mg·kg -1 , i.p.) significantly reduced GABAAa2 gene expression in the cortex. No modification was observed in mice chronically treated with JWH133 (1 mg·kg -1 ) (one-way ANOVA followed by Student-Newman-Keul's: F(3,28) = 3.706, P = 0.025) (n = 7-8) ( Figure 5A ). Similarly, a significant reduction of GABAAa2 gene expression was observed in the amygdala of mice treated with JWH133 (2 mg·kg -1 ). No modification was observed in mice treated with JWH133 at the doses of 0.5 or 1 mg·kg -1 (one-way ANOVA followed by Student-Newman-Keul's: F(3,26) = 3.815, P = 0.024) (n = 6-7) ( Figure 5D ).
GABAAa2 protein expression.
Chronic AM630 administration reduced GABAAa2 protein expression in the cortex at any of the doses used (one-way ANOVA followed by StudentNewman-Keul's: F(3,26) = 12.267, P = 0.001) (n = 6-8) ( Figure 6A ). In the amygdala, AM630 at 1 or 2 mg·kg -1 failed to produce any modification in GABAAa2 protein expression. In contrast, AM630 at 3 mg·kg -1 did reduce GABAAa2 protein expression (one-way ANOVA followed by StudentNewman-Keul's: F(3,25) = 17.349, P = 0.001) (n = 6-8) ( Figure 6C) .
Interestingly, chronic treatment with JWH133 (1 or 2 mg·kg -1 ) increased GABAAa2 protein expression in the cortex. No modification was observed at 0.5 mg·kg -1 (one-way ANOVA followed by Student-Newman-Keul's: F(3,23) = 4.177, P = 0.019) (n = 5-7) ( Figure 6B ). In contrast, no modification was observed in the amygdala (one-way ANOVA: F(3,28) = 4.290, P = 0.001) (n = 6-8) ( Figure 6D ). (one-way ANOVA followed by Student-Newman-Keul's: F(3,29) = 4.441, P = 0.012) (n = 6-8) ( Figure 7A ). In the amygdala, chronic treatment with AM630 increased GABAAg2 gene expression at all doses used (1, 2 or 3 mg·kg -1 ) (one-way ANOVA followed by Student-Newman-Keul's: F(3,24) = 19.583, P = 0.001) (n = 4-7) ( Figure 7C) .
GABAAg2 gene expression. GABAAg2 gene expression was
Interestingly, opposite alterations were observed in GABAAg2 gene of mice chronically treated with JWH133. A reduction of GABAAg2 gene expression was observed in the cortex (one-way ANOVA followed by Student-Newman-Keul's: F(3,26) = 7.334, P = 0.001) (n = 6-8) ( Figure 7B ) and amygdala (one way ANOVA followed by Student-Newman-Keul's: F(3,26) = 17.455, P = 0.001) (n = 6-7) ( Figure 7D ) at all of the doses used.
GABAAg2 protein expression.
Chronic treatment with AM630 at 2 or 3 mg·kg -1 , but not 1 mg·kg
, reduced GABAAg2 protein expression in the cortex (one-way ANOVA followed by Student-Newman-Keul's: F(3,26) = 6.414, P = 0.003) (n = 7) ( Figure 8A ). In the amygdala, chronic AM630 administration reduced GABAAg2 protein expression at all of the doses used (one way ANOVA followed by Student-Newman-Keul's: F(3,21) = 10.658, P = 0.001) (n = 4-6) ( Figure 8C ).
GABAAg2 protein expression was increased in the cortex (one-way ANOVA followed by Student-Newman-Keul's: F(3,27) = 11.445, P = 0.001) (n = 6-8) ( Figure 8B ) and in the amygdala (one-way ANOVA followed by Student-Newman-Keul's: F(3,26) = 15.142, P(0.001) (n = 5-8) ( Figure 8D ) of mice chronically treated with JWH133 at all of the doses used.
Assessment of potential anxiolytic-like effect in spontaneously anxious DBA/2 mice
To test the validity of the potential therapeutic actions of AM630 in the treatment of disorders associated with high level of anxiety, the effects of chronic AM630 were evaluated in the spontaneously anxious DBA/2 strain of mice (Griebel et al., 2000; Ohl et al., 2003; Yilmazer-Hanke et al., 2003) . Firstly, the response of DBA/2 strain mice to anxiogenic stimuli was evaluated using the LDB and showed a reduction in the time spent in the lighted box compared with Swiss ICR mice (Student's t-test: t = 3.689, P = 0.004, 10 d.f.) (n = 5-7) ( Figure 9A ). In addition, there were a fewer transitions observed with DBA/2 mice, than with Swiss ICR mice (Student's t-test: t = 6.817, P = 0.001, 10 d.f.) (n = 5-7) ( Figure 9B ). Secondly, chronic administration of AM630 (1, 2 or 3 mg·kg -1 ; 7 days) significantly increased the time spent in the light box by DBA/2 mice (one-way ANOVA followed by Student-Newman-Keul's, F(3,22) = 9.280, P = 0.001) (n = 5-9) ( Figure 9C) . No difference was observed between the different doses used. DBA/2 mice treated with AM630 (1 mg·kg -1 ) increased the number of transitions compared with vehicle group. In addition, no difference was observed in the total number of transitions between DBA/2 mice treated with AM630 (2 or 3 mg·kg -1
) compared with the vehicle group
Figure 5
Assessment of GABAAa2 gene expression in the cortex (CTX) and amygdala (AMY) of chronic AM630-or JWH133-treated mice. Relative GABAAa2 gene expression was examined in the cortex and amygdala of Swiss ICR mice chronically treated (7 days) with AM630 (1, 2 or 3 mg·kg (one-way ANOVA followed by Student-Newman-Keul's, F(3,31) = 5.847, P = 0.003) (n = 5-9) ( Figure 9D ).
Discussion and conclusions
The results of the present study support the involvement of the CB2 receptor in the regulation of emotional behaviour and suggest that this receptor may result a relevant target for the treatment of anxiety-like disorders. This assumption was based on the following findings: (i) pretreatment with the cannabinoid CB2 receptor agonist JWH133 blocked the anxiogenic action of acute administration of AM630; (ii) chronic AM630 administration (1, 2 and 3 mg·kg -1 ) induced anxiolytic effects associated with increased and decreased CB2 receptors, GABAAa2 and GABAAg2 gene and protein expression, respectively, in the cortex and amygdala; (iii) interestingly, chronic administration of JWH133 (0.5, 1 and 2 mg·kg -1 ) resulted in behavioural and molecular changes, opposite to those found with chronic treatment with AM630; and (iv) chronic treatment with AM630 (1, 2 and 3 mg·kg -1 ) reduced anxiety-like behaviour in the spontaneously anxious DBA/2 strain of mice.
The identification of CB2 receptors in the different brain areas related to the response to stress and anxiety suggests the involvement of this receptor in the regulation of emotional behaviours. In this respect, few studies have examined the effects of cannabinoid CB2 receptor agonists and antagonists in the regulation of emotional behaviours. Previous studies reported that acute administration of the cannabinoid CB2 receptor agonist JWH015 (20 mg·kg -1 ) produced anxiogenic effects in the LDB test . In contrast, the same group demonstrated that JWH015 induced anxiolytic effects in the EPM test (Onaivi, 2006) . Additional studies revealed anxiolytic actions induced by the cannabinoid CB2 receptor agonist GW405833 (100 mg·kg -1 ) in the marble burying test (Valenzano et al., 2005) . The fact that the doses of both CB2 receptor agonists evaluated in these studies resulted in alterations in motor activity makes the interpretation of these behavioural effects difficult.
In the present study, the doses of JWH133 and AM630 used were selected based on our previous studies obtained in the open field test. Higher doses of JWH133 (2 mg·kg -1 ) reduced motor activity in Swiss ICR mice (data not shown). In order to avoid potential motor alterations that may mask the interpretation of the behavioural results, the JWH133 doses used in the present study were below 2 mg·kg -1 . Previous pharmacological MRI studies revealed that AM630 at higher doses (3 mg·kg -1 ) may act as a weak partial/inverse agonist at CB2 receptors (Chin et al., 2008) . To avoid this potential loss of CB2 receptor selectivity by AM630, the doses used were below 3 mg·kg Firstly, the effects of acute administration of JWH133 and AM630 were evaluated in the LDB tests. Acute JWH133 administration was without effects at any of the doses used (0.5, 1 and 2 mg·kg -1 .). It is possible that the lack of effects may be due to the fact that the doses used were not able to activate the CB2 receptors to produce specific behavioural changes. The fact that higher doses of JWH133 (2 mg·kg -1 ) modified motor behaviour ruled out the evaluation of additional doses. In contrast, the acute blockade of CB2 receptors by AM630 (2 and 3 mg·kg -1 ) increased the anxiety-like behaviour of Swiss ICR mice in the LDB test. Furthermore, no modification in the total number of transitions was observed. Taking into account that the number of transitions is considered as an indirect measure of the motor activity, the lack of alterations in this parameter supports the absence of potential motor effects.
In order to further investigate the relative specificity of the CB2 receptor in the mechanism underlying the anxiogenic effects of AM630, mice were pre-treated with the CB2 receptor agonist JWH133. Pre-treatment with JWH133 blocked the anxiogenic effects of AM630. These results supported the involvement of CB2 receptors as the target involved in the acute effects of AM630 on emotional behaviour.
Based on the fact that chronic administration often induces different results from those induced by acute administration, AM630 and JWH133 were administered chronically for 7 days. Interestingly, chronic blockade of CB2 receptors by AM630 (1, 2 and 3 mg·kg -1
) resulted in anxiolytic effects in the LDB and EPM tests. In contrast, chronic activation of CB2 receptors induced by chronic treatment with JWH133 (0.5, 1 and 2 mg·kg -1 ) increased anxiety-like behaviours of Swiss ICR mice in both tests.
Additional gene and protein analyses were carried out in cortex and amygdala of mice chronically treated with AM630 or JWH133 with the aim to identify the molecular mechanisms underlying these behavioural alterations. The anxiolytic effects induced by chronic administration with AM630 were associated with increased CB2 receptor gene expression in the cortex and amygdala and reduced CB2 receptor protein expression in the cortex. Interestingly, the anxiogenic effects of JWH133 were accompanied by opposing changes in CB2 receptors. Chronic administration with JWH133 reduced CB2 receptor gene expression in the amygdala and increased CB2 receptor protein expression in the cortex.
The GABAergic system has been considered a key element in the regulation of emotional states and, therefore, an important therapeutic target controlling anxiety-related disorders. The pentameric GABAA receptors are formed by the assembly of different subunits containing a1, a2, a3 or a5 in combination with b and g2 subunits. Previous studies suggest that GABAA receptors containing the a2 and g2 subunits mediate the anxiolytic effect of benzodiazepines (Low et al., 2000) . Both subunits are expressed in the limbic system and cortex (Pirker et al., 2000; Mohler et al., 2001; Nyiri et al., 2001) . Genetic manipulation of CB2 receptors resulted in changes of GABAA receptors. Transgenic mice that overex- 
Figure 9
Assessment of anxiety-like behaviors of DBA/2 mice in the LDB paradigm. Panels A-B: assessment of DBA/2 mice response to anxiety-like stimuli in the LDB test. The time spent in the light box was recorded for 5 min. Panels C-D: chronic dose-response effects of AM630 in DBA/2 mice in the LDB test. Mice were injected with AM630 (1, 2 or 3 mg·kg -1 , i.p., twice a day) or its saline vehicle for 7 days. On day 8, treated mice were exposed to LDB test for 5 min. Columns represent the mean and vertical lines represent the SEM of the different parameters. * DBA/2 mice significantly different from Swiss ICR mice.
# P < 0.05, significantly different from vehicle group.
pressed CB2 receptors (CB2xP mice) presented increased GABAAa2 and GABAAg2 gene expression in the hippocampus and amygdala . Additionally, recent studies revealed a suppression of GABAergic inhibitory signalling in the entorhinal cortexhippocampal slices following the administration of the CB2 receptor agonist JWH133 (50 nM). Interestingly, these effects could be blocked by prior administration of AM630 (50 nM) (Morgan et al., 2009) supporting the involvement of CB2 receptors in the effects of JWH133 on GABAergic signalling. These results further strengthen the involvement of CB2 receptors in the regulation of GABAergic release from neuronal terminals. Chronic blockade of CB2 receptors by AM630 increased GABAAa2 and GABAAg2 gene expressions in the cortex and amygdala. In contrast, the protein expression of these genes was reduced by chronic treatment with AM630 in the brain regions analysed (cortex and amygdala). Interestingly, activation of CB2 receptors by JWH133 reduced the GABAAa2 and GABAAg2 gene expression and increased its protein expression in the cortex and amygdala. Additional neurobiological systems (hypothalamic-pituitary-adrenal axis, 5-hydroxytryptaminergic system, neuropeptide Y) and brain regions may be involved in the behavioural effects of chronic AM630 or JWH133 administration. However, the opposing behavioural and molecular changes observed between chronic blockade (AM630) or activation (JWH133) of CB2 receptors supported the key role of these targets (CB2 receptors, GABAAa2 and GABAAg2) in the behavioural effects of AM630 or JWH133. These results provide new insights into the different molecular events related to GABAA receptor gene and protein expression produced by chronic manipulation of CB2 receptors with CB2 receptor agonists or antagonists.
It is important to note that changes found in gene expression are not often coincident with alterations in protein expression (Impagnatiello et al., 1996; Pesold et al., 1997) . The gene expression measurement is a dynamic factor considered as an index of synthesis that may be altered by several factors such as the action of antagonist or agonist. Protein expression is a factor representing an index of end product resulting from release and metabolic processes. Therefore, kinetic and dynamic mechanisms regulating gene and protein expression may have very different outcomes. Several factors, such as duration and dose of the drug effect, pattern of drug administration, abundance of gene and protein in different tissues, time after drug administration and sensitivity of the technique used to measure either protein or gene expression may differentially alter the changes found between gene and protein expressions.
In the present study, most of the gene expression alterations analysed were accompanied by opposing changes at the protein expression level, whereas in a few occasions, no modification was observed in the gene and protein expression (e.g. in the amygdala of mice chronically treated with JWH133 or AM630). These results are in agreement with previous reports. In rat cerebellar granule cells exposed to flumazenil, the changes in the expression of subunit proteins were sometimes either dissociated from a change in their respective gene expression or associated with gene changes in the opposite direction (Zheng et al., 1996) . The frequent discrepancies between activity-dependent alterations in gene and protein expression are not surprising because of the temporal delay between the onset of changes in gene expression and in their translation products. It is also possible that not all proteins detected by immunolabelling techniques are functionally operative, and that protein expression depends on translation rate and mRNA stability, rather than DNA transcription rates, exclusively. The reduction of CB 2 receptor, GABAAa2 and GABAAg2 protein expression may induce the expression of the corresponding gene expression. The switch in gene expression of CB2 receptors and GABAAa2 and GABAAg2 subunits may be necessary to keep unchanged the number of receptors and maintain an adequate homeostatic regulation of the receptors.
The anxiolytic effects of chronic AM630 administration in Swiss ICR mice exposed to LDB test do not necessarily predict anxiolytic action in mice displaying spontaneously a high level of anxiety. To further explore the potential therapeutic action of this cannabinoid receptor antagonist in the treatment of anxiety-related disorders, the effects of chronic AM630 administration were evaluated in the highly anxious DBA/2 strain of mice. The evaluation of the basal response to anxiogenic stimuli of DBA/2 mice revealed high level of anxiety compared with Swiss ICR mice. These results are in agreement with previous results obtained in the EPM (Yilmazer-Hanke et al., 2003) and hole-board tests (Ohl et al., 2003) . The results revealed that chronic AM630 clearly decreased the anxious state of DBA/2 mice at all the doses used.
In summary, these findings strongly support the role of CB2 receptors in the regulation of emotional states. Pharmacological manipulation of CB2 receptors resulted in behavioural changes that are associated with molecular changes in CB2 receptor, GABAAa2 and GABAAg2 protein and gene expressions. Furthermore, chronic AM630 treatment reduced the anxiogenic-like behaviour of DBA/2 mice. Taken together, these results point out this receptor as a new target for the treatment of anxiety-related disorders. Further pharmacological studies are necessary to explore the potential therapeutic uses of cannabinoid CB2 receptors in humans and the precise mechanisms underlying these effects.
